We present here the design and construction of an all niobium superconducting RF injector to generate high average current, high brightness electron heam. A !h cell superconducting cavity has been designed, built, and tested. A cryostat has heen built to cool the cavity to -2 K. The RF system can deliver up to 500 W at 1.3 GHz to the cavity. A mode-locked N d W 0 4 laser, operating at 266 nm with 0.15 W average power, phase locked to the RF, will irradiate a laser cleaned Nb surface at the back wall of the cavity. Description of critical components and their status are presented in the paper. Based on DC measurements, QE of up to 10' can be expected from such cavity
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1NTRODUCTION
In recent years, there had been considerable interest in developing high average current, high brightness electron beams both for accelerator and photon source applications. With its low power requirements a superconducting RF (SCRF) photoinjector is an ideal electron source for these applications. However, the low quantum efficiency of Nb and the short lifetime and complicated design associated with alkali cathodes have slowed the implementation of this scheme. Recently, it has been shown that the QE of Nb can be improved significantly by laser cleaning it in vacuum 'I1. A feasibility study to incorporate this technique in the surface preparation of SCRF injector and generate high average current electron beam was undertaken and the results are presented in the following sections.
SIMULATIONS
A schematic of the cavity, cryostat and electron beam transport are shown in Figure 1 .
The laser is reflected by an off axis metallic mirror into the beam line to irradiate the cathode. The electron beam generated by the laser is transported througli a solenoid to the Faraday cup at the end of the beam line. The beam envelope simulated using PARMELA is shown in Figure  2 . The energy and longitudinal and tiansverse emittances of a electron bunch with 1 pC charge from 1 mm spot sue and 6 ps duration, measured at the exit of the gun is shown in Figure 3 for different launch phases 
COMPONENTS DESCRIPTION
The critical components of the system are the cavity, cryostat, RF system, solenoid, photocathode and laser. Specifications of each are given in the following sections
RF Cavity:
The superconducting gun is a 1.3 GHz, single cell Nb cavity as shown in Figure 4 . It is essentially one-half of an elliptical cell terminated by an end wall. The end wall has a domed shape for added stiffness, but no external stiffeners. The cavity was hydro formed from sheet -50
Nb and EB welded. The niobium cavity wall thickness is sized to 3.5 mm to operate with a 15 psi pressure load on the outside of the cavity and vacuum on the inside, pass 1 watt of laser power and the RF surface thermal load through its thickness while maintaining superconducting temperatures. For this proof of principle test no cavity tuner was included. Due to the use of an end wall in the cavity, both the cavity drive port and the pickup port are on the same side of the cavity. This leads to serious cross talk during room temperature measurements, which are discussed elsewhere in these proceedings [' I. Fortunately, this problem will diminish when cool down to superconducting status. Earlier concepts for the cavity utilized a reentrant nose to increase the field at the cathode, thereby increasing the QE, and the current. This proved counterproductive. The effect due to the radial E fields forces the beam spot size at the cathode to be reduced if the beam quality is to be maintained. The reduced beam sue causes the power density from the laser to increase. Thermal simulations show that with the reentrant nose, the limit on allowable laser power density actually causes a reduction in the laser power and hence the total beam current.
RF System
The niobium cavity is expected to have an internal Q of about 7x109 in 2K superconducting status. With maximum beam current the beam loaded Q is 1x10'. The RF system is designed to have an external Q around 10'. It will excite the cavity to a maximum gadient of 45 MV/m. The system consists of a 5OOW CW amplifier from PRO-COMM. The LLRF system will operate as a PLL (phase locked loop) so that its frequency will catch up with the resonant frequency of the cavity. This frequency will be divided 16 times to trigger the laser for synchronization.
Laser:
The photocathode driving laser is a commercial frequency quadrupled mode-locked NdYV04 laser operating at 266 nm with an average power of 150 mW and pulse duration of -6 ps. Figure 5 shows the autocorrelator trace of the 2.3 eV beam from this laser, while Figure 6 shows the W beam profile. This UV beam is reflected by a vacuum metal mirror custom dielectriccoated for 266 nm, positioned off axis in the beam line to illuminate the cavity nearly at normal incidence. The thickness of the dielectric layer is small enough to avoid charge build up yet maintain the high reflectivity. This mirror could he externally manipulated for irradiating the center of the rear surface of the cavity. Since the power density of this laser is not high enough for laser cleaning the cavity in a reasonably short time, an excimer laser will be used to irradiate the cathode surface at normal incidence for the surface preparation. dependence on the solenoid current are shown in Figures  8 and 9 respectively. The cavity has been cooled down to 4K. The frequency and the Q of the superconducting cavity have been measured to be 1.3 GHz and lo'. The electron beam transport has been installed. The low level RF system has been designed, built and is being tested. The laser has been characterized and the transport system is being built.
